The embodiments of the invention in which an exclusive property or privilege is 
claimed are defined as follows: 



1. An electrodeposition process for producing a layered composite material 

5 comprised of layers of an alloy, the process using an electroplating circuit comprising a power 
supply, an electroplating solution comprising ions of the elements comprising the alloy, and an 
electrodeposition substrate, the process comprising the following steps: 

(a) first energizing the electroplating circuit with the power supply to provide a first 
10 electroplating current in the electroplating circuit during a first current plating 

time interval to deposit a layer of\a first alloy species of the alloy on the substrate, 
the first alloy species having first kllp^spectes properties; and 
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(b) second energizing the electrotrfatirlg circuitfwith the power supply to provide a 
second electroplating currer/ in theWe/ttb/lating circuit during a second current 
plating time interval to deposit a layer ot a/second alloy species of the alloy on the 
substrate, the second alio/ species hajune/second alloy species properties; 

wherein the first alloy species properties are/uistiryuishable from the second alloy species 
properties. 

2. The process as claimed in claim 1 whWein the first electroplating current is 

selected so that the first alloy species consists essentially forXfipt alloy phase. 



25 3. The process as claimed in claim 1 wherem the second electroplating current is 

selected so that the second alloy species consists essential!^ of a second alloy phase. 
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4. The process as claimed in claim 2 wherein \the second electroplating current is 
selected so that the second alloy species consists essentially of a second alloy phase. 

5. The process as claimed in claim 4 wherein the\ first alloy phase has a first alloy 
phase composition, wherein the second alloy phase has a second alloy phase composition, and 
wherein the first alloy phase composition is different from the setond alloy phase composition. 
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6. The process as claimed\in claim 5 wherein the first current plating time interval 

and the second current plating time interval are selected so that the layered composite material 
has a desired composite material composition. 

5 7. The process as claimed imclaim 6 wherein the first electroplating current is a 

direct current. 

8. The process as claimed in cliim 6 wherein the second electroplating current is a 

direct current. 
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9. The process as claimed in clahVi 7 wherein the second electroplating current is a 

direct current. 



y> 10. 

fc5 pulsed current. 
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The process as claimed ir/ claim\ 6 wherein the first electroplating current is a 
in claim 6/tyherein the second electroplating current is a 
d in cl/im 10\w\ierein the second electroplating current is a 



1 1 . The process as claime* 
jj pulsed current. 

ft 

12. The process as clai 
m pulsed current. 

m 



13. 



The process as claimed in claim 6 wherdjn the alloy is comprised of gold and tin. 



25 14. The process as claimed in claim 13 whirein the first alloy phase is Au 5 Sn and 

wherein the second alloy phase is AuSn. 

15. The process as claimed in claim 14 whereiVi the first current plating time interval 
and the second current plating time interval are seledted so that the composite material 

30 composition is comprised of between about 25 at % tin and^bout 40 at % tin. 

16. The process as claimed in claim 15 wherein Ihe first current plating time interval 
and the second current plating time interval are selecteti so that the composite material 
composition is comprised of between about 27 at % tin and ab^ut 35 at % tin. 
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17. The process as claimed in claim 16 wherein the first current plating time interval 

and the second current plating time interval are selected so that the composite material 
composition is comprised of about 30 at % tin. 

5 18. The process as claimed in craim 16 wherein the first current plating time interval 

and the second current plating time interval are selected so that the composite material 
composition is a eutectic composition. 

19. The process as claimed in claiVn 14 wherein the first electroplating current is a 

10 pulsed current and has an average current density at the substrate of less than or equal to about 1 
mA/cm 2 . 
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20. The process as claimed in claim ltt wherein the second electroplating current is a 
pulsed current and has an average current density \t the^srrbstrate of greater than or equal to about 
2 mA/cm 2 . 

21. The process as claimed in claim 19 vfcherein/ie second electroplating current is a 
pulsed current and has an average current o^nsity at tl^e suljfctrate of greater than or equal to about 
2 mA/cm 2 . 

22. The process as claimed fn claim 21 rfhdrdm the first current plating time interval 
and the second current plating time WteryjjKare selected so that the composite material 
composition is comprised of between about 25 at % tin a\id afrout 40 at % tin. 




23. The process as claimed in claim 22 wherein the first rn^rp^plating time interval 

and the second current plating time interval are selected so that the composite material 
composition is comprised of between about 27 at % tin and About 35 at % tin. 



24. The process as claimed in claim 23 wherein tfte first current plating time interval 

30 and the second current plating time interval are selected\ so that the composite material 
composition is comprised of about 30 at % tin. 
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25. The process as claimed in claim 23 wherein the first current plating time interval 

and the second current plating time interval are selected sd( that the composite material 
composition is a eutectic composition. 



-3- 



26. The process as claimed inVclaim 21 wherein the first electroplating current is a 
direct current. 

27. The process as claimed in claiin 21 wherein the second electroplating current is a 
5 direct current. 

28. The process as claimed in claim ^ wherein the second electroplating current is a 
direct current. 

10 29. The process as claimed in claim 2^ wherein the first electroplating current is a 

pulsed current. 
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30. The process as claimed in claim 21 wjjerein the^ second electroplating current is a 
pulsed current. 

31. The process as claimed in claijrt 29 whejrejp the second electroplating current is a 
pulsed current. 

32. The process as claimed iniclaim l^wherihi the first current plating time interval 
and the second current plating time interval are selected so that the composite material 
composition is comprised of between about 25 at % tin and abcftrt4 Q at % tin. 

33. The process as claimed in claim 32 whereinuhe first current plating time interval 
and the second current plating time interval are selected so that the composite material 
composition is comprised of between about 27 at % tin and aftout 35 at % tin. 
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34. The process as claimed in claim 33 wherein thd first current plating time interval 
and the second current plating time interval are selected ^o that the composite material 
composition is comprised of about 30 at % tin. 

35. The process as claimed in claim 33 wherein the fifet current plating time interval 
and the second current plating time interval are selected soxthat the composite material 
composition is a eutectic composition. 
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36. The process as claimediin claim 31 wherein the first electroplating current has an 

on-time of at least about 2 milliseconds per pulse cycle and wherein the second electroplating 
current has an on-time of at least about 2Yilliseconds per pulse cycle. 

5 37. The process as claimed in claim 36 wherein the first electroplating current has an 

off-time of at least about 4 milliseconds perVulse cycle and wherein the second electroplating 
current has an off-time of at least about 4 milliseconds per pulse cycle. 

38. The process as claimed in claim\37 wherein the first electroplating current has a 

10 pulse cycle period of about 10 milliseconds and\wherein the second electroplating current has a 
pulse cycle period of about 10 milliseconds. 
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39. The process as claimed in claim 38\w>eranthe first current plating time interval 

and the second current plating time interval affe selected so that the composite material 
composition is comprised of between about 25 a/% and abq/ut 40 at % tin. 



40. The process as claimed in claim 39 wherein/ 

and the second current plating time interval are stele 
composition is comprised of between about/27 at % tin Mid 



le first current plating time interval 
so that the composite material 
afoout 35 at % tin. 



41. The process as claimed in clamrzfO wherem the\first current plating time interval 
and the second current plating time interval are selected s\tiiat the composite material 
composition is comprised of about 30 at % tin. 

42. The process as claimed in claim 40 wherein tAe first current plating time interval 
and the second current plating time interval are selected\so that the composite material 
composition is a eutectic composition. 



43. The process as claimed in claim 38 wherein the first electroplating current has a 

30 pulse cycle period of about 10 milliseconds and an on-time of about 2 milliseconds per pulse 
cycle and wherein the second electroplating current has a puflse cycle period of about 10 
milliseconds and an on-time of about 2 milliseconds per pulse cycle 



44. The process as claimed in claim 6 wherein the first energizing step and the second 

35 energizing step are repeated in sequence so that the layered composite material is comprised of a 
plurality of layers of each of the first alloy species and the second alloy\species. 
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45. The process as claimed \in claim 14 wherein the electroplating solution is 
comprised of ammonium citrate, a salt of told which is soluble in ammonium citrate, and a salt 
of tin which is soluble in ammonium citrate\ 

5 

46. The process as claimed in claik 45 wherein the electroplating solution is further 
comprised of a gold stabilizer and a tin stabilizer. 

47. The process as claimed in claiih 46 wherein the gold salt is potassium gold 
10 chloride and wherein the tin salt is tin chloride. 

48. The process as claimed in claim 4t wherein the gold stabilizer is comprised of 
sodium sulphite. 
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49. The process as claimed in clainyf§ v^herein tjjle tin stabilizer is comprised of L- 
ascorbic acid. 

50. The process as claimed An claim 49 ^herein the first energizing step and the 
second energizing step are repeated An sequence yao \that the layered composite material is 
comprised of a plurality of layers of each of the ficst Alio J species and the second alloy species. 

51. The process as claimed in/6laim il wherein the electroplating solution is 
comprised of ammonium citrate, a iajtj)J>gold which\s soluble in ammonium citrate, and a salt 



Li of tin which is soluble in ammonium citrate. 
25 

52. The process as claimed in claim 51 wherein Jjfie electroplating solution is further 
comprised of a gold stabilizer and a tin stabilizer. 

53. The process as claimed in claim 52 wherein Vthe gold salt is potassium gold 
30 chloride and wherein the tin salt is tin chloride. 

54. The process as claimed in claim 53 wherein the ^old stabilizer is comprised of 
sodium sulphite. 



35 55. The process as claimed in claim 54 wherein the tin stabilizer is comprised of L- 

ascorbic acid. 
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56. The process as claimed in dlaim 55 wherein the first energizing step and the 
second energizing step are repeated in sequence so that the layered composite material is 
comprised of a plurality of layers of each of the first alloy species and the second alloy species. 

5 \ 

57. The process as claimed in c\±m 31 wherein the electroplating solution is 
comprised of ammonium citrate, a salt of gold \^hich is soluble in ammonium citrate, and a salt 
of tin which is soluble in ammonium citrate. 

10 58. The process as claimed in claim 5 7\ wherein the electroplating solution is further 

comprised of a gold stabilizer and a tin stabilizer. 

59. The process as claimed in claim 5$ wherein the gold salt is potassium gold 

3 , chloride and wherein the tin salt is tin chloride. 
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60. The process as claimed in claim 5^|ierein the gold stabilizer is comprised of 
sodium sulphite. 

61. The process as claimed in ciaim 60 wharein the tin stabilizer is comprised of L- 
ascorbic acid. 

62. The process as claimea in claim pi wherein the first energizing step and the 
second energizing step are repeated I in sequenci so mat the layered composite material is 
comprised of a plurality of layers of eachof the firsralloy species and the second alloy species. 

63. The process as claimed in claim 38 wherein the electroplating solution is 
comprised of ammonium citrate, a salt of gold which is soluble in ammonium citrate, and a salt 
of tin which is soluble in ammonium citrate. 



30 64. The process as claimed in claim 63 wherein the electroplating solution is further 

comprised of a gold stabilizer and a tin stabilizer. 



65. The process as claimed in claim 64 wherein tr\e gold salt is potassium gold 

chloride and wherein the tin salt is tin chloride. 
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66. 

sodium sulphite. 



The process as claimed iA "claim 65 wherein the gold stabilizer is comprised of 



67. 

5 ascorbic acid. 



The process as claime/in cW^ wherein the tin stabilizer is comprised of L- 



68. 



The process as claimed in clam 



rterein the first energizing step and the 



second energ 12 i„g step are repeated in sequence so that the layered composite material is 
compnsed of a plurality of layers of each of the fi\, alloy species and the second alloy species. 
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A layered composite material comprising a layer of a first alloy species of an 
.the first alloy species having first alloy species properties, and further comprising a layer 
second alloy species of the alloy, the second alloy species having second alloy species 
propertieWein the first alloy species properties are distinguishable from the second alloy 
species prope*''" ' ' 
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of a Second 



70. 



The layered compose material as claimed in claim 69 wherein the first alloy 
species consists essentially of a first a\oy pha 
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71. 



The layered composit^makial acclaimed in claim 69 wherein the second alloy 
species consists essentially of a second alloy\ha4e. 




0 72. The layered composite mayfal asN^Hn^aim 70 wherein the second alloy 

species consists essentially of a sicond^floy phase 

,25 

W/L u ' ayered C ° mp0Site material 35 clai ™ d claim 72 wherein the first alloy 

(H- Pha*e has a first alloy phase composition, wherein the second alloy phase has a second alloy 
phase Wiposition, and wherein the first alloy phase composition is different from the second 
alloy phas\composition. 
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74. 



Tke layered composite \iateria 



comprised of gold a\d tin. 

\ 

75. 



•^T^imed in claim 73 wherein the alloy is 



„ h • A c layer ^ ;^P° site Aateria]y Claimed in claim 74 wherein the first alloy 
35 phase is Au 5 Sn and wherein ?Ke seconc/alloy pjA\ AuSn. 



The layered composite material as claimed in claim 75 wherein the material has a 
^\/^mrx)site material composition and wherein the composite material composition is comprised of 
^ (A^etwe\about 25 at % tin and about 40 at % tin. 

5 77. VThe layered composite material as claimed in claim 76 wherein the composite 

material composition is comprised of between about 27 at % tin and about 35 at % tin. 
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78. The laWed composite material as claimed in claim 77 wherein the composite 
material composition is comprised of about 30 at % tin. 

79. The layered composite material as claimed in claim 77 wherein the composite 
material composition is a eutectic\omposition. 



80. The layered composite 

y composite material is comprised of a 
second alloy species. 



* claimed in claim 75 wherein the layered 
i of each of the first alloy species and the 
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